
. /;

Gravitational evidence for an
undifferentiated Callisto
J. D. Anderson., E. L. Lau”, W. L. Sjogren+,  G. Schubert’
& W. B. Moore

Before  the arriv,]l  of the Gali leo .I><lcccrafl  at JLlpilcr, models for
the ii]tcrior s~ructurc of tl)e four ualilcan satellites- 10. Ilurona.,, ,.
(;aoyInc<ie  ;Inci Callisto---raogc~i  floln  Llnifornl  mixtures of rock t.-. --”
:incl i c e  (that is, l]r}difft~rei)[iatc<i ol]jects) @~r,’r(~ck)-cores  sur-
rou]l(ied by a I]];llltlc  of winter ice~.  No\v  it apl>ears  that 10 has a
lfirgc metallic COIC7 and that G~il\,nlc(ie  is s(ronxiv  ciiffereotiateci,-,
most probabi),  into a three-layer structure collsistingof  a metaliic
c o r e ,  a silicztc  nlal)tlc nild a d e e p  Lrutcr Iaycr  (If i c e ] .  I)irect
i n f o r m a t i o n  011 rhe interior  s trut-!ure of Callisto  de te rmined
froln previous sp.)cccraft  fly- b)s’””  I\!As  csscntifiliy limited to an
cwtimate  of the Inca:)  dci)sity being inter fllcdiate between pure ice
anti pL]re rock. Iierc we report Ille;ls urelll.. rlis of Callislo’s  gravi  -
t:ttio,~al  field ~~bich  reveal  th.~t, in contras:  to  10 al]d Ganymede,
th i s  g,alileall  satel l i te is  l]]{~s[  [~1-t]b.]hl)  :1 holncrger)eous  o b j e c t
consisting of 2 solar n]i\. tLlre ot4(l(!h  col]l~,r~.~.stxl  icc onci  600/0 rock
(includi~lg  i r o n  :~n(i ir<~l} sulpbidt).  CaIli>\o’s  urrdifferentiated
state is con. sisrent J,:ittl IIle a~>}l;irc,nl lack Ofall intrinsic magnetic
fieid?, an(i  inClic8tL.s  that lbc euttri:)os( g.iii!t’an  satellite  h a s  n o t
mperienccd  a hcatins  ph:lse  suffirtcn(l]  Iligh  to scl)aratc its rock
;]]]d l~~etal  (Cr];l[)oncnts  (roi:l tllc  Iightcr  i c e s .

G<llildo’s firs! :-i)  Collll[cl  \\i(l: Gl!i\r, ) I(){lk pl:lcc. 0114 Xoven)bcr
iL)9(,, dn(i tllc ~r,l\ ir: ~l:!!],,i \\J. ~~(,(cctc(l ))] TI]C r.t[ii(> I)op})lei- d<itd
rccoi(ic(i  (iur]l)g  I!IL ell.otllllc,t. 7 i]< Li<!T,I ,]i).li\\is  \\,<I\ ,lccol]ll>l]she(i
!>l, (j[[i{): a l>.trJllICLI :~eci o]bi(.li II:(,dcl  r(j ,!)c 1,?dio  l)crpplcr  ch[a  by
,...,~l)tcci  n[)nli,]c.lr  jc.:sr \qII,IF1:,>”’”. Cclllisto’s  c,tcrilal ~r<lvitational
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letters to nature

(AU1’110R: refs  I -6 reordered its editing: please check renurr~-
bcrillg)

(SIJl{-11111’C)R:  LJPDAI’I; REF 7, lNC[,UDING  1’IT1,E  CtiECK)

I) ISPI.AY 11’}.MS:  FIG.  1 B/W; FIG. 2 W&’; TABLES  O; GALLEY
‘<0: 2!37

Figure 1 %$! m s e c o n d - d e g r e e  gfaw!y  s i g n a l  ( / 2  = 47.7 x 10 -6 a n d
.. . =  ‘~ S ~ ‘o ‘) c!?:ecled  n U-e rad,o  Doople:  da[a  frorn Gal(l~O aI C~IIISIO

!- L; L:.  J,I!C, ‘nc LIoPL.,?’  ueloct!y  IS dehned  by cAr/P,  where A. IS Ihe  Doppler

,reQJ5r!cy  shh  re, ercnced  la !he s~acecfah’s cryslal  osclll  alor, # IS Ihe  lrans  -

n,IIPC  ffpauency  -23 Gti/  aodc Is[he  speed af i!ghl  Ourlngencounler,  Ihedata

. ..c. c re-..:cen 5/ NASA: [)ee!) Space  Nelwork  rrack,  ng fac,lilylnspa$n  Doppler

F,s Ic.,4  !.,  .w:t resp,.c,  Y> Ir ? oes:-hl  qfavt!y  model  arc,  ,nd,  caled  Gy  hlled  C,rc!es

...  .
.Ljr~f”O’ ‘< -8 ;? r~~l S“ OUISldeltlC  C~lSC1l:l}eO  enCOuClef  Inlerval,lhe.L f s!,, -

5;. ’1. (:[ ;.: l.?r~’ss  >, rvz15 locked TC’ a  ‘adlc  S,gnal form Ihe  grounc  and Ine

...f!j,’cu ,:, $,,:,. , ,:: ,<-yl.]r  0! :cI,,r lI:ss L)ala  Ir?CILICCG  n [he r)l  eyte”d  frCI”I 313

.  .-:  .[JI g:)~  ,4 :?  .;J, ;( IL, - . 7  II ar)d 39rI, In alrcr CICSe  S{ app,oa  Ch o“  4

\?v,>)lte  lg.”!b,  <2,  CX TC The  gap  In Ihe  r e s i d u a l s  cenlra.d  a r o u n d  30mln

‘.’’” C“L’L-(  “iel  ,c:iCC:s  a g !0 In It, e raw ~OpDIC’r  data Secause Of an ~nk”ow”
[JQ  l-,! C.I’I  ‘n ,RC  s~)acf’crall’s  crys!al  Osc!llalor.  !he encounler  da[a  kvcre

.:.,,:,~.,,:  , .1,, . .: .,(; ., :,, r ,\l : ~q,~,,  \ I I 801 +or !hp  rI, O( analvs,s
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FIGURE N7287F2
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